Introduction
Vitamin C is a water-soluble reducing agent and antioxidant due to its characteristic of donating an electron, and all of its metabolic roles are probably due to this function. It acts as an electron donor for eight human enzymes and neutralizes free radicals to protect from damage. 1 Because of its structural similarity to glucose, it can replace glucose in many chemical reactions, and it can prevent the non-enzymatic glycosylation of proteins. 2 A possible mechanism for the beneficial effect of plasma vitamin C on heart failure may relate to the fact that it enhances arterial dilation through its effect on nitric-oxide release, 3 as it protects tissues from oxidative stress and thus plays an important role in preventing diseases. 1 Large epidemiological studies have reported submit your manuscript | www.dovepress.com
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ellulu et al that dietary intake of antioxidants inversely correlates with hypertension. 4, 5 Particularly, treatment with ascorbic acid has been reported to significantly improve systolic blood pressure and diastolic blood pressure in mild-to-moderately hypertensive patients. 6 Vitamin C can also protect against consequences of diabetes mellitus (DM) like diabetic retinopathy, 7 improve high-density lipoprotein-cholesterol (HDL-c), 8, 9 and improve endothelial function. 10 Adiposity is defined as an accumulation of body fat that predisposes to metabolic syndrome. The hypothesized physiological mechanism is the state of chronic low-grade inflammation that is associated with excess adipose tissue. It may explain the development of obesity-related pathologies, such as type-2 DM and cardiovascular disease. 11 Further, obesity plays an important role in the development of insulin resistance that triggers the associated comorbidities of metabolic syndrome, such as atherosclerosis, dyslipidemia, hypertension, prothrombotic state, and hyperglycemia. 12 The link between obesity and inflammation has been derived from the finding that the proinflammatory cytokines tumor necrosis factor-alpha (TNF-α) and interleukin 6 (IL-6) are overexpressed in obesity. 13 A high level of cytokines generally, and IL-6 particularly, is associated with decreased nitric oxide and increased reactive oxygen species, which lead to endothelial and microvascular dysfunction. 14 Accordingly, increased serum level of IL-6 stimulates the liver to synthesize and secrete the low-grade systemic inflammatory marker C-reactive protein (CRP). 15 Through the production of reactive oxygen species, the inflammatory process may deplete stores of antioxidants, including vitamin C; 16 so, its usage in treating inflammation associated with diseases has been considered. It is used with cancers, 17, 18 gastritis, 19 lung diseases, and asthma. 20 However, Jialal and Singh 21 asked whether vitamin C acts as an anti-inflammatory agent. They discussed studies relating vitamin C with CRP through cross-sectional assessment rather than clinical trials.
The objective of the study reported here was to evaluate the effect of vitamin C on inflammatory markers (serum level of IL-6 and CRP) in hypertensive and/or diabetic obese adults. We also aimed to find out the change in metabolic markers -fasting blood glucose (FBG) and lipid-profile factors, total cholesterol (TC), and triglyceride (TG) -after 8 weeks of vitamin C intervention.
Subjects and methods study population
Eligible participants were obese (body mass index [BMI] $30 kg/m 2 ), hypertensive, and/or diabetic patients between 20 and 60 years of age who systemically visited primary health care centers for follow-up at three locations in Gaza City, Palestine. The diagnosis and selection of hypertensive and diabetic cases depended on patients' selfreporting and this was then proven by patients' medical history records obtained from the health care center. All of the diabetic patients had type-2 DM. Participants were eligible if they had a high CRP level (high-sensitivity C-reactive protein [hs-CRP] $6 mg/L). Patients were excluded if they had any acute illness within the past 2 weeks, regularly used nonsteroidal anti-inflammatory drugs (naproxen and cyclooxygenase-2 inhibitors) and/or cholesterol-lowering agents (statins), suffered from systemic and inflammatory diseases that change physical or laboratory tests (arthritis, renal, thyroid, hepatic, respiratory, gout, active malignant disease, pregnancy, breastfeeding), and/or documented intolerability to vitamin C. Recruited patients were randomly assigned to a vitamin C treatment (experimental) group or control group using manual-blocks formation based on the rolling of a die. Patients in the experimental group were assigned to treatment with 1 g vitamin C per day (500 mg twice per day), while the control group was kept free of supplements. The vitamin C was supplied in tablets (C-Tamin-500 Tablets; Rekah Pharmaceutical Industry Ltd, Holon, Israel) containing 500 mg vitamin C. The decision to use 1 g of vitamin C daily was made based on the previous study of Block et al. 22 In that study, they used 515 mg of vitamin C for 8 weeks, the obtained variance between means (after treatment-baseline) of hs-CRP was 0.5 mg/L. In the present study, additional double variance was needed to range between 0.9 and 1.0 mg/L, which required a double dose of vitamin C.
study design and intervention
Participants in both groups were advised to maintain constant daily lifestyle habits unless they progressed to any Drug Design, Development and Therapy 2015:9 submit your manuscript | www.dovepress.com
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Effect of vitamin C on inflammation and metabolic markers of the excluding criteria. Based on an adapted form of Global Physical Activity Questionnaire (v 2), 23 the majority of participants indicated they undertook a low level of physical activity (PA), while the remaining participants indicated they undertook a moderate level of PA. None of the participants said they undertook a high level of PA before or during the trial. The participants were distributed in approximate equality in terms of smoking habit, which was evaluated by an adapted and modified form of the Behavioral Risk Factor Surveillance System. 24 In terms of smoking status, each patient was categorized as a current smoker, past smoker, passive smoker, or nonsmoker.
The intervention continued for 8 weeks, and the participants returned for follow-up visits every 2 weeks. At study baseline (randomization time), we performed anthropometric measurements (BMI, waist circumference [WC] , and blood pressure [systolic and diastolic]) and blood sampling. We measured systemic inflammatory markers (hs-CRP and IL-6) and metabolic markers (FBG, TC, and TG).
Sample size was estimated as 32 per a group to detect a reduction in inflammatory and metabolic markers at a P-value 0.05 with a power of 90%, and a dropout rate of 10% was expected. Thus, we aimed to recruit 72 patients. Quantitative method was used to assess FBG, TC, TG, and hs-CRP. A CRP turbidimetric latex 1:5 kit used to assess hs-CRP, an enzymatic colorimetric method with glucose oxidase was used to estimate FBG, and commercial kits were used to assess TC and TG. All quantitative data were evaluated using a Mindray BS-120 Chemistry Analyzer. IL-6 was assessed using enzyme-linked immunosorbent assay kits (Sigma-Aldrich Co) via One-Run reading.
Blood was collected by a trained nurse or physician of the health center. A 7 mL blood sample was drawn into a polyethylene evacuated tube then divided into two separate tubes. One of the tubes of blood was used to evaluate quantitative biochemical measures (hs-CRP, FBG, TC, and TG), and the other was stored at -80°C, after separation of serum, for analysis through one-run of an enzyme-linked immunosorbent assay reader to assess IL-6.
All participants completed an informed consent form before attending the study sessions and blood-sample collection. All participants were assured of confidentiality and any required information was provided to them. It was clearly explained to them that participation would be voluntary and they could decline to participate at any time. A case-report form for each patient was used for data handling and record keeping.
Every attempt was made to minimize biases and to conduct the study in the most ethical manner possible.
Withdrawal and monitoring criteria
We established withdrawal criteria to manage the response and dropout of participants. Patient follow-ups were discontinued if: the participant withdrew consent or become noncooperative; the participant developed an illness or condition that changed physical or laboratory tests, as explained earlier in the exclusion criteria; the study supplements resulted in the development of intolerable adverse effects; the participant vomited the supplement within 4 hours of administration; and/or a female participant became pregnant.
Additionally, the monitoring criteria were used to evaluate patients' involvement and compliance. The number of supplement pills taken every 2 weeks was recorded, participants were required to keep a diary and their entries were monitored, and participants received a phone call daily reminding them of the dose time.
statistical analysis
Data were analyzed using SPSS software (v 21.0; IBM Corporation, Armonk, NY, USA). Descriptive statistics, including χ 2 , were used to compare the categorical variables of subjects' characteristics in both groups. After the assumption of normality, continuous variables were presented as mean ± standard deviation. Independent t-tests were used to assess the difference between the groups at the baseline of randomization and end points of study. Paired t-tests were used to evaluate the difference within the groups. A P-value of #0.05 was considered statistically significant and the level of confidence was 95% at a power equal to 90%.
Results
study population and intervention
The trial aimed to evaluate the effect of vitamin C on inflammatory (hs-CRP, IL-6) and metabolic markers (FBG, TC, and TG) in hypertensive and/or diabetic obese patients. The recruitment of study participants began in November 2013 and was completed in May 2014. Of 484 screened patients, 108 were enrolled in the study and assigned randomly to one of This paper reports on two groups, the control and vitamin C treatment groups. The progression of patients through the study is shown in Figure 1 . Sixty-four patients completed the study (31 patients in the intervention group and 33 in the control group). Eight patients were lost during follow-up because they met one or more of the withdrawal criteria (five patients in the intervention group and three in the control group).
Balance at baseline
The baseline demographic (age, sex, smoking, level of PA, and health status/disease), anthropometric (BMI and WC), and clinical characteristics (hs-CRP, IL-6, FBG, TC, and TG) of the patients in both groups were comparable (Table 1) . A total of 72 patients were recruited at the baseline to participate in the study. To assess the balance between the groups, comparisons of all patients' characteristics were undertaken.
No statistically significant difference for any variable of comparison was detected; no difference appeared between the groups in terms of age, sex, smoking habit, level of PA, or health status/disease. In addition, equality between the groups was assumed in terms of the anthropometric measurement of BMI and WC for males and females. Further, no significant differences were found when comparing the groups in terms of the clinical variables hs-CRP, IL-6, FBG, TC, and TG. These results for all variables indicate balance at baseline between the groups and indicate equality, because the differences did not reach the significance level of a P-value #0.05.
changes in clinical characteristics after 8 weeks Table 2 presents the changes in patients' clinical characteristics after 8 weeks, between the end point (after treatment) and 
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Effect of vitamin C on inflammation and metabolic markers baseline (before treatment), for both groups. In the vitamin C group, the changes appear in four variables after 8 weeks of intervention: hs-CRP, IL-6, FBG, and TG can be seen to have reduced significantly (overall, P,0.001). In the control group, the change appears in two variables after 8 weeks without added supplements: FBG (P=0.001) and TG (P=0.026).
Due to the open-label nature of the study, the changes within the control group could be attributed to changes in lifestyle factors, such as eating habit or level of PA. At the end of the study, after 8 weeks of treatment, in the vitamin C group, there were 31 valid patients and five patients who discontinued. In the control group, there were 33 valid patients and three patients who discontinued. The overall response rate was 88.88%; 86.11% in the vitamin C group and 91.66% in the control group.
However, the statistically significant changes found within the treatment group before and after the treatment period did not necessarily mean the supplement was effective in reducing the risk of high levels of patients' clinical characteristics. To determine this, we compared the differences between the groups at the end point (after treatment) to determine the clinical significance of vitamin C. Significance was detected for three of the clinical variables: hs-CRP, IL-6, and FBG (P=0.01, P=0.001, and P,0.001, respectively), while it was absent for TC and TG. This means that the reduction in levels of clinical variables after 8 weeks of daily use of 1 g of vitamin C were true and resulted from the effect of the supplement.
Discussion
The literature indicates that the anti-inflammatory properties and antioxidant capacity of vitamin C can be attributed to their ability to modulate the DNA binding activity of nuclear factor-kappa B. 27, 28 The activation is primarily promoted by oxidative stress and leads to cytokine-induced expression of cell adhesion molecules in the vascular endothelium, and to the TNF-α-and IL-6-induced production of CRP by the liver. 29 Jang et al 30 identified that vitamin C can reduce the plasma levels of the inflammatory mediators TNF-α and IL-6 via downregulation of hepatic mRNA expression.
Effect on hs-CRP and IL-6
In the present study, the effect of 1 g vitamin C on the inflammatory markers hs-CRP and IL-6 was evaluated after 8 weeks of daily intake. In the experimental group, significant reductions in hs-CRP and IL-6 levels were observed, and repeated tests between the experimental and control groups identified the clinical effectiveness of the intervention factor vitamin C in alleviating inflammation. The fact that treating the inflammatory status can be attributed to the effect of vitamin C is discussed following with reference to previous studies involving healthy and diseased populations.
Similar evidence is available to support the present results. Peluso et al 31 found that mixed fruit-juice drink rich in vitamin C has the ability to reduce postprandial stress, mediated through IL-6 and TNF-α, in healthy overweight participants. Also, Jang et al 30 proved that feeding animals a vitamin C rich diet could improve proinflammatory cytokine levels, including IL-6 and TNF-α. In the same context, consistent results were observed by Zhang et al 32 who found that inflammatory status appeared with plasma vitamin C deficiency. Zhang et al's study aimed to find out the effect of vitamin C supplementation on inflammatory status in maintenance hemodialysis patients with low vitamin C level and high hs-CRP level. The study was conducted in two groups; in the first, patients were given 200 mg per day vitamin C for 3 months, then the vitamin C supplementation was withdrawn for the next 3 months. In the second group, patients were not given vitamin C in the first 3 months, then were orally administered with 200 mg vitamin C per day for the next 3 months.
Further, Mikirova et al 17 summarized data of potentially therapeutic plasma ascorbate concentrations. Intravenous vitamin C can improve cancer outcome via modulated inflammation by reducing CRP. Block et al 33 also investigated whether vitamins C or E could reduce CRP in healthy nonsmoker participants. Three groups were randomized into one of three groups: 1,000 mg per day vitamin C, 800 IU per day vitamin E, or placebo for 2 months. Among the participants with CRP indicative of elevated cardiovascular risk ($1 mg/L), vitamin C was found to reduce median CRP by 25.3% vs placebo (P=0.02). Similarly, Block et al 22 determined the effect of vitamin C in reducing plasma CRP in active and passive smokers. Participants in that study were randomized to receive placebo or vitamin C (515 mg/day), adjusted by BMI. The supplementation of vitamin C yielded a 24.0% reduction (95% confidence interval -38.9 to -5.5, P=0.036 compared with control) in plasma CRP.
In cross-sectional studies by Wannamethee et al 34 evaluating the relationship between inflammatory markers and blood levels of vitamin C, the plasma level of vitamin C was found to be associated with a significant reduction in risk of heart failure in men with and without pre-existing myocardial infarction. The inverse association between plasma vitamin C and heart failure in men was explained by traditional risk factors involving reduction of CRP. Similarly, Wannamethee et al 35 examined the cross-sectional associations between dietary and plasma vitamin C, and CRP for subjects free of DM or heart disease. Dietary and plasma vitamin C were significant inversely correlated with CRP (r=-0.10 and r=-0.16, respectively; P,0.001). Moreover, Ford et al 16 examined the cross-sectional relationship between CRP and vitamin C level, and found that CRP was significantly inversely associated with vitamin C.
Conversely, results different and inconsistent with the results of the present study were found by Aguiló et al 36 and Khajehnasiri et al. 37 Aguiló et al 36 found 500 mg per day of vitamin C did not reduce the level of IL-6 induced by exercise after 15 days of supplementation. Similarly, Khajehnasiri et al 37 undertook a randomized, double-blind, placebocontrolled, parallel trial to identify the role of vitamin C (250 mg twice a day) and/or omega-3 fatty acids (180 mg of eicosapentaenoic acid and 120 mg docosahexaenoic acid) in inflammatory markers among 136 shift workers with a depression score $10 in 21-item Beck Depression Rating Scale for 60 days. Omega-3 plus vitamin C was associated with a decrease in depression score (P,0.05), and supplementation of omega-3 fatty acids without vitamin C was associated with a reduction in depression score (P,0.0001) and hs-CRP concentration (P,0.01), but no effect was observed for vitamin C alone.
effect on FBg
In the present study, the effect of vitamin C on FBG was examined after 8 weeks of daily intake. It was found to have reduced significantly in both the experimental and control groups. In repeated tests between the experimental and control groups at the end point to identify the efficacy of vitamin C, clinical significance was achieved. The fact that treating the elevated level of FBG can be attributed to the effect of vitamin C can be observed from previous studies. 
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Effect of vitamin C on inflammation and metabolic markers hemoglobin (HbA 1c ) in patients with type-2 DM, and Sargeant et al 39 examined the cross-sectional association between plasma vitamin C and HbA 1c in self-reported DM, finding that the mean plasma vitamin C level was significantly higher in individuals with HbA 1c levels ,7%.
However, different results were obtained by Siavash and Amini, 8 who enrolled 50 patients with type-2 DM into three groups. The first group received 1 g vitamin C, the second received 600 mg gemfibrozil, and the third received a combination of both. The study aimed to find out the differences in lipid profile and blood glucose due to the interventions. The results indicate that vitamin C had similar effects to gemfibrozil on HDL-c but no effects on other lipid biomarkers or FBG. Similarly, Dakhale et al 40 examined the effect of oral vitamin C with or without metformin on FBG, HbA 1c , and plasma ascorbic acid levels in type-2 DM patients in a randomized controlled trial lasting 12 weeks. Oral supplementation of vitamin C with metformin was found to reverse ascorbic acid levels in blood, reduce FBG, and improve HbA 1c , while there was no meaningful result for vitamin C alone.
effect on Tc and Tg
The present study examined the effect of vitamin C on TC and TG after 8 weeks of daily intake. In both the experimental and control groups, the level of TC was not affected by the intervention. In contrast, TG was found to be significantly reduced in both the experimental and control groups after 8 weeks. In repeated tests between the experimental and control group at the end point to identify the efficacy of vitamin C, the effect of vitamin C on both TC and TG did not reach clinical significance. Similar results have been observed for the effect of vitamin C on TC and TG. For example, Afkhami-Ardekani and Shojaoddiny-Ardekani 38 found 1 g of vitamin C could effectively reduce TG level in type-2 DM patients but not the TC level. Likewise, Siavash and Amini 8 found no valuable effects of vitamin C on any lipid biomarker except HDL-c.
Finally, in contrast, Peluso et al 31 documented that the ingestion of a high fat meal with a fruit juice drink rich in vitamin C could significantly reduce plasma levels of TC and TG, and Gaur and Dixit 9 found that TC was reduced by vitamin C intervention.
Conclusion
At baseline of the randomization process, we proved the balance between the groups to be approximate equality in terms of patient demographics and clinical variables. None of the patients' characteristics violated this, so equality was assumed in all aspects. The strength of our study lies in the comparison between the experimental and control groups at the end point of the study. As far as we are aware, no previous studies have been interested in evaluating comparisons of the clinical efficacy of vitamin C, while the majority have been interested in within-group before and after tests only. Our results indicate a clear effect of 1 g of vitamin C in alleviating inflammatory markers (hs-CRP and IL-6) among hypertensive and/or diabetic obese adults. Also, vitamin C strongly affected the level of FBG, significantly reducing it after 8 weeks of daily intake. For the lipid-profile variables TC and TG, our results are consistent with those of AfkhamiArdekani and Shojaoddiny-Ardekani 38 who found a positive effect of vitamin C on TG but no effect on TC.
We found that a moderate amount of vitamin C can significantly treat and reduce the inflammation, as measured by hs-CRP and IL-6, in hypertensive and/or diabetic adults and also helps to reduce FBG levels. Additional studies of different durations are needed to further explore the role of vitamin C in the lipid profile.
